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We developed a 16S PCR-based assay for the rapid detection of Nocardia spp. directly from human clinical
samples. The applicability of the assay was confirmed by using 18 samples from patients with nocardiosis as
diagnosed by conventional cultures and 20 clinical samples from patients with confirmed tuberculosis used as
negative controls.

Nocardia spp. have been isolated worldwide from the envi-
ronment and induce serious infections in humans, occurring
most frequently in immunosuppressed patients. The common
clinical forms of Nocardia infections are pulmonary, cerebral,
cutaneous, subcutaneous, and lymphocutaneous infections and
mycetoma (5, 7, 19, 21). Most of the cases are not correctly and
rapidly recognized, due to the absence of pathognomonic clin-
ical signs. The diagnosis of nocardiosis, currently based on
direct examination and conventional cultures, is difficult, long,
and time-consuming. The need for new methods allowing iden-
tification of Nocardia infections is crucial. We reported and
validated a PCR approach combined with hybridization to
perform a diagnosis directly from clinical specimens such as
skin biopsy samples, pus from abscesses, sputa, or bronchoal-
veolar liquid (BAL).

Tested samples contained 250 �l of sterile water (molecular
biology-grade water; Eurobio, Courtaboeuf, France) plus
100-�l pus samples, 100-�l seeded specimens, or 100-mg tissue
biopsy specimens. These mixtures were incubated for 3 h at
55°C with proteinase K at 20 mg/ml (Sigma Aldrich, Saint
Quentin Fallavier, France) and inactivated for 15 min at 95°C.
Then, nocardial DNA was extracted with an MTB respiratory
specimen preparation kit (Roche, Meylan, France), according
to the manufacturer’s instructions. Primers NG1 (5�-ACCGA
CCACAAGGGGG-3�) and NG2 (5�-GGTTGTAAACCTCT
TTCGA-3�) (0.5 �M final concentration) were used to amplify
a Nocardia genus-specific 590-bp fragment of 16S rRNA, as
previously described (17). Primers PC04 (5�-CAACTTCATC
CACGTTCACC-3�) and GH20 (5�-GAAGAGCCAAGGAC
AGGTAC-3�) were used to amplify a 268-bp fragment of the

human �-globin gene selected as a control gene to monitor
specimen processing and DNA extraction, as previously de-
scribed (11). Amplification was carried out using packaged
PCR tubes (Ready-to-Go PCR beads; Amersham Biosciences,
Orsay, France) after reconstituted final volumes of 25 and 10
�l of extracted DNA were added to the PCR mixture. Twelve
microliters of each amplification reaction mixture was analyzed
by electrophoresis performed with a 1% (wt/vol) agarose gel
stained with ethidium bromide (0.7 �g/ml). After migration,
the 16S amplified fragments were transferred under a vacuum
onto positive nylon membranes (Hybond-N�; Amersham Bio-
sciences) by Southern blotting. The fragments were then dried
and fixed under UV for 3 min. Hybridization with a chemilu-
minescent 16S probe (prepared by PCR using the reference
strain Nocardia asteroides ATCC 19247T, according to the pro-
tocol described above) and detection were then achieved as
previously described (16).

To evaluate the analytical sensitivity of the assay, we used
clinical specimens seeded with 108 to 101 cells per ml from N.
asteroides strain ATCC 19247T. In the BAL specimens, 103

CFU/reaction mixture was visually detected after agarose gel
electrophoresis, whereas as little as 1 CFU/reaction mixture
was detected by Southern blotting and chemiluminescent hy-
bridization (Fig. 1). The same results were obtained with
seeded skin biopsy and cerebral abscess specimens. These data
indicate that the sensitivity of hybridization was 1,000 times
higher than that of the single electrophoresis performed with
an agarose gel stained with ethidium bromide. Moreover, the
hybridization step allowed confirmation of the specificity of the
amplified fragments (Fig. 1 and 2).

Eighteen samples (four BAL, two sputum, two pleural liq-
uid, six pus, and four biopsy samples) from patients with dif-
ferent forms of nocardiosis were tested to demonstrate the
applicability of this protocol in a clinical setting. For all spec-
imens, the presence of Nocardia was confirmed by culture. All
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isolates were identified at the species level by hsp65 PCR
restriction analysis and were distributed as follows: N. aster-
oides (n � 3), N. brasiliensis (n � 2), N. farcinica (n � 4), N.
nova (n � 6), and N. otitidiscaviarum (n � 3).

For all specimens, amplifications were positive (Fig. 2). The
intensity of amplified DNA in agarose gel was variable: some-

times weak, but always detectable. Conversely, a sharp chemi-
luminescent signal was observed for each sample after hybrid-
ization, confirming the specificity of the 590-bp amplified
fragments and facilitating interpretation of the samples with
weak intensive bands in the agarose gel. The assay described
herein enabled us to detect Nocardia DNA in various tissue

FIG. 1. Analytical sensitivity of PCR protocol determined with clinical BAL sample seeded with Nocardia inocula of various sizes (shown as
number of CFU per reaction mixture for each lane). (A) After electrophoresis in 1% agarose gel; (B) after Southern blot hybridization with a 16S
probe. Lanes: M, molecular size markers (100-bp ladder); Neg, unseeded BAL sample (negative control).

FIG. 2. Agarose gel electrophoresis and Southern blot hybridization of PCR products obtained from clinical samples from patients with
confirmed nocardiosis. (A) �-Globin amplified products in 1% agarose gel; (B) Nocardia-specific 16S rRNA amplified products in 1% agarose gel;
(C) Southern blot hybridization with chemiluminescent 16S probe. Lanes: M, molecular size markers (100-bp ladder); Neg, distilled water; 1 to
8, clinical samples.
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samples that are representative of specimens classically used in
the diagnosis of Nocardia infections (BAL, sputum, biopsy, and
pus specimens).

Twenty samples (2 BAL, 3 biopsy, 3 pus, and 12 sputum
samples) from patients hospitalized in the Hospices Civils de
Lyon (Lyon, France) were used as controls. For each of the 20
patients, a diagnosis of tuberculosis was confirmed by culture
and PCR (AMPLICOR MTB; Roche) according to the sample
used in our study. No visible amplified fragments were ob-
served, either in the agarose gel or after the hybridization of
transferred membranes (data not shown). These results high-
lighted the specificity of the primers and PCR protocol, since
these samples contained mycobacteria that are closely related
to Nocardia spp.

Human �-globin, selected as a control gene to monitor spec-
imen processing and DNA extraction, was correctly amplified
from the 65 human specimens tested (27 seeded samples [data
not shown] and 38 clinical samples [examples in Fig. 2]). These
results demonstrated the absence of PCR inhibitors in extracts
and validated the 16S PCR results and Southern blot analysis.
The DNA extraction method was chosen according to the
common characteristics of cell wall composition for Mycobac-
terium and Nocardia organisms, because of the extensive vali-
dation of the MTB respiratory specimen preparation kit
(Roche) for extraction of Mycobacterium tuberculosis DNA
from clinical samples (6, 9, 18, 24, 25). The results obtained
demonstrate that this protocol is effective in liberating nocar-
dial DNA and preventing PCR inhibitors.

In addition to being sensitive, specific, and rapid, the assay
developed can overcome several problems associated with the
microbiological diagnosis of nocardiosis. Due to time-consum-
ing phenotypic methods, nocardiosis is sometimes diagnosed
after the dissemination of the strain to other organs or after
the patient has died (15, 20, 23). Therefore, it is difficult to
institute an adapted therapy at the early stages of the disease.
However, early initiation of appropriate antibiotherapy is par-
amount in reducing the high mortality rates of patients with
nocardiosis and is dependent on early detection of the nocar-
dial infection. Until now, a confirmed diagnosis required the
isolation of the organism from specimens. This “gold standard”
is believed to lack sensitivity (21). Whereas Nocardia strains
can grow on a large variety of media, their isolation from the
complex mixed flora of clinical specimens (especially pulmo-
nary samples) has been problematic, due to the slower growth
of Nocardia spp. relative to that of other contaminating bac-
teria and fungi. These other organisms can hide and/or prevent
growth of Nocardia isolates. The molecular approach abolishes
these problems by the specific amplification of nocardial DNA,
even if several other contaminating or colonizing bacteria are
present in human specimens. Empirical antibiotherapy insti-
tuted before sampling can also prevent or delay growth of
bacteria, especially in cerebral or skin abscesses. Molecular
approaches were not affected by the viability of bacteria and
allowed the detection of bacteria even after the initiation of
active chemotherapy.

Our PCR protocol can also help to answer several academic
questions concerning Nocardia and nocardiosis. Combined
with specific DNA extraction from soil, the protocol may fa-
cilitate the high-throughput screening of ecological niches of
Nocardia and allow us to replace the use of uncommon selec-

tive media. It may allow a large-scale screening of human
nocardial carriage and mild clinical infections in humans that
have been described in the literature but never clearly demon-
strated. Finally, several works support the concept that cell
wall-deficient forms of Nocardia spp. play a significant role in
both the pathogenesis and the latency of disease, as well as the
recurrence of infections after apparently successful chemother-
apy (1, 2, 3, 4, 14). Recent data suggest that such forms of
Nocardia spp. could be implicated in symptoms similar to those
of Parkinson’s disease (8, 10, 26). It is necessary to develop
methods capable of detecting these Nocardia spp. in order to
discover, understand, and monitor accurately their effects on
the environment and on patients. Molecular techniques like
the PCR protocol presented here represent one of the specific
approaches that may contribute to such studies (12, 13, 22, 27).

In conclusion, we have developed a highly sensitive and
specific PCR assay for the detection of Nocardia bacteria in
tissue samples. Further studies are necessary to prospectively
evaluate this assay within a larger clinical population. Never-
theless, this assay could improve the speed of diagnosis of
nocardiosis, which could lead to a favorable course of treat-
ment and prognosis for patients (in terms of mortality, relapse,
and side effects). Techniques such as the PCR assay described
here may benefit reference laboratories and leading university
laboratories with clinics serving numerous patients at risk for
nocardiosis.
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